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INTRODUCTION 

With  the  growing  emphasis  on  electro-optical  systems  in  the  Army's  tactical 
arsenal,  it  is  becoming  more  important  to  understand  the  atmosphere's  ef- 
fect on  light  transmission  in  the  battlefield  environment.  One  element  of 
concern  is  the  effect  of  suspended  particulate  material,  and  this  espe- 
cially in  the  infrared  (l-15ym)  region  of  the  spectrum.  At  the  present 
time,  the  Army  has  no  field-hardened  transmissometer  for  application  in  the 
battlefield  environment,  and  where  it  is  necessary  to  predict  the  perfor- 
mance of  an  aiming  device  or  target  designator,  there  is  a tendency  to 
apply  what  information  is  available  - namely,  the  met  observer's  estimate 
of  visual  range.  Empirical  relations  between  visual  range  and  IR  trans- 
mittance have  been  devised  and  used  [1,2].  Is  visual  range  really  indic- 
ative of  transmittance  in  the  near  infrared? 

Some  examples  of  calculated  effects  due  only  to  particulate  light  scatter 
using  model  aerosols  of  varying  composition  are  presented.  The  purpose 
is  to  suggest  the  degree  to  which  transmission  in  the  IR  can  be  affected 
by  changes  in  the  particulate  content  alone  and  how  accurately  (or  inac- 
curately) an  estimate  of  propagation  in  the  visible  region  indicates 
those  effects. 

To  establish  a basis  for  comparison,  we  assume  that  visual  range  (defined 
below)  is  inversely  proportional  to  the  logarithm  of  monochromatic  trans- 
mittance at  0.55ym,  the  center  wavelength  for  human  visual  perception. 

All  calculations  are  then  normalized  to  a transmittance  of  0.45  over  a 
1 km  path  at  this  wavelength  which  corresponds  to  a visual  range  of  5 km. 
That  is,  an  observer  would  estimate  the  same  visual  range  in  every  case. 


PARTICULATE  MODELS 

The  ASL  single  scattering  transmission  code  (PGAUSS)  [3]  is  used  for  the 
calculations  and  gaseous  absorption  effects  are  not  included.  The  par- 
ticulate model  supposes  a two-component  aerosol  in  the  combinations: 

Dry  Haze  + Smoke  Wet  Haze  + Smoke  Fog  + Smoke 

Dry  Haze  + Dust  Wet  Haze  + Dust  Fog  + Dust 

with  one  component  predominant  in  varying  degrees.  Clearly,  other  aerosol 
conditions  can  obtain.  These  were  chosen  as  being  representative  of  the 
environment  encountered  during  Target  Signature  Model  Validation  Tests  [4] 
conducted  at  Fort  Knox,  KY,  in  August  1974  by  the  Army  Materiel  Command. 
The  size  distributions  pertaining  to  each  component  are  given  in  Table  1 
and  the  optical  constants  are  given  in  Table  2. 
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OPTICAL  CONSTANTS  OF  DRY  HAZE,  DUST,  SMOKE,  WET  HAZE,  AND  FOG  IN  THE  0.34  TO  10.6  ym  RANGE 


1 


a 


CD 

M 

fO 


<U 


CO 


0) 

-X 

o 


(/) 

3 

Q 


<D 

M 


o 

CT» 

' — 

CT> 

CO 

co 

LO 

cf 

CO 

1 — 

CXJ 

CO 

CXI 

CXJ 

CXJ 

CXI 

CXI 

OsJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ  UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

CO 

CXI 

CO 

CO 

CO 

co 

CO  LO 

LO 

f\ 

co 

CO 

CO 

cr> 

CO 

O CO 

LO 

CT> 

00 

LO 

co 

o 

OsJ 

•— 

•— 

■— 

LO  i— 

CT) 

CO 

LO 

r“~ 

LO 

OsJ 

cn 

CXI 

O r- 

CT» 

c— 

r— 

LO 

r- 

CT)  r— 

r— 

r— 

CO 

CO 

co 

lo  cr>  co  o o o 
ro  n com  ro 
roro  n coro  co 


CO  CO  CO  CT)  CO  CO 
CXI  CXJ  CXJ  < — . — o 
CO  CO  OO  CO  CO  CO 


or  (\J  O I — O CO 
(XI  ld  co  cn 
CXJ  r—  CO  CO  OsJ 


^ O cn 
COO  O N 
CO  CO  CXI 


in  irnmn  in 
o o o o o 


lo  r^.  co 
o o o o o o 


00  CO  CO  00  CO  CO 

o o o o o o 


CO  CO  CO  LO 

O O O CXI 


VO  CO  VO  CD  CD  CO 


r-  r^.  r^.  i\  i 


OCXJCO^-r—^- 

CXJ  C\i  CXI  CXI  CXI  CXI 


*3"  ^ CO 
(XJ  CXI  (XJ  CXI 


LO  LO  LO  LO  LO  LO 

o o o o o o 
o o o o o o 


in  lo  lo  r\  cn  o 

OOOOOt— 

o o o o o o 


r-  CO  CO  CO 

r—  xf  CM  I — I — I — 

o o o o o o 


•—  r—  O CT» 
i — ■ 

o o cxi  o 


oooooo  oooooo  oooooo 


LO  LO  LO  LO  LO  LO 
CO  CO  CO  CO  CO  CO 


lO  LO  LO  LO  ^ 

co  co  co  co  co  co 


XT  ' — CO  ^ I — CO 

co  co  co  co  co  lo 


o o 


I — lO  LO  N 
■CLO  LO  CO 


^■ONiocoin 

CO  ^ LO  CO  N 


O CO  LO  LO 
CT>  O CVJ  LO  K o 


o o o o o o 


ctOOcf  OMO 
CXJ  CXJ  CO  LO 


com  o co 

LONOlO 


X 

0J 

“O 


Q) 

> 


o 

CO 

s- 

c*— 

a> 

s- 

X 

aj 


o 

O 


<D 


o 

CL 


o 

o 


03 

a; 

s- 


II 

-X 


H 


imaginary  component  of  the  complex  refractive  index 


Dry  Haze-Wet  Haze 

The  term  dry  haze  refers  to  the  natural  background  of  particulates  present 
in  the  air  under  low  humidity  conditions,  i.e.,  when  the  relative  humidity 
is  less  than  70  percent.  Wet  haze  refers  to  the  natural  background  of 
particulates  when  the  relative  humidity  is  greater  than  70  percent.  Both 
the  dry  haze  and  the  wet  haze  are  represented  by  the  Deirmendjian  Haze  C 
size  distribution  [10].  The  optical  constants  for  wet  haze  are  assumed 
to  be  those  of  water,  while  the  optical  constants  for  dry  haze  are  assumed 
to  be  those  of  soil  particles.  Thus,  no  allowance  is  made  for  solid  cores 
or  dissolved  material  in  the  droplets. 

A more  extensive  treatment  of  the  effect  of  relative  humidity  dependent 
particulates  upon  transmission  (e.g.,  Hanel  [11])  was  considered.  However, 
for  the  purpose  of  demonstrating  the  unreliability  of  visibility  estimates 
for  inferring  IR  transmittances,  the  models  selected  proved  adequate. 


Dust  refers  to  the  larger  soil  particles  injected  into  the  air  as  a re- 
sult of  vehicular  traffic,  primarily  over  ungraveled  dirt  roads  and  uncon- 
solidated natural  terrain.  The  size  distribution  is  represented  by  a 
power  law  selected  to  reflect  higher  concentrations  of  particles  than  for 
dry  haze.  The  optical  constants  are  the  same  as  for  dry  haze,  although 
the  composition  of  the  two  categories  is  likely  to  differ. 


Smoke 

Smoke  refers  mainly  to  vehicle  exhaust  which  is  assumed  to  consist  of 
carbon  particles.  The  smoke  is  represented  by  a log-normal  size  distri- 
bution. The  values  of  the  optical  constants  were  based  on  the  works  of 
Dalzell  and  Sarofim  [6],  Twitty  and  Weinman  [7],  and  Foster  and  Howarth 
[8]. 


Fog  refers  to  water  droplets.  The  individual  droplets  are  of  a much 
larger  size  than  wet  haze  and  the  size  distribution  is  log-normal  in  con- 
trast to  the  Haze  C model  for  wet  haze. 


TRANSMITTANCE 


The  ASL  scattering  model  used  for  this  analysis  included  only  single 
scattering,  and  all  calculations  were  normalized  to  a 5 km  visibility  at 
a wavelength  of  0.55um  using  the  relation  [12] 
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where  V is  the  visual  range  in  kilometers  and  Oq  ^ is  the  extinction 

coefficient  at  a wavelength  of  0.55pm,  and  e = 0.02.  Thus,  the  total 
particulate  concentration  was  adjusted  to  yield  this  condition.  Six  sets 
of  two-component  particulate  conditions  were  simulated.  In  each,  either 
dry  haze,  wet  haze,  or  fog  was  regarded  as  the  major  constituent  with 
either  dust  or  smoke  as  the  minor  constituent.  The  relative  composition 
of  each  set  was  varied  through  the  number  concentrations  of  each  component. 


Dry  Haze  + Smoke 

Figure  1 shows  the  transmittance  in  the  visible  and  IR  for  three  combina- 
tions of  background  dry  haze  and  the  locally  generated  smoke.  The  de- 
crease in  transmittance  at  9pm  was  attributed  to  energy  absorption  by  the 
dry  haze  [13].  The  number  concentrations  represent  the  total  number  of 
particles  within  the  applicable  size  range  and  appropriate  to  a 5 km 
visual  range. 


Dry  Haze  + Dust 

In  this  case  the  minor  constituent  smoke  was  replaced  by  the  dust,  thus 
simulating  effects  of  vehicular  traffic.  Figure  2 shows  that  the  effect 
with  dust  at  9pm  was  more  pronounced  than  with  smoke  as  the  minor  constit- 
uent. 


Wet  Haze  + Smoke 

The  transmi ttances  for  three  combinations  of  wet  haze  and  smoke  are  de- 
picted in  Figure  3.  The  decrease  in  transmittance  at  1.5pm  is  attributed 
to  smoke.  In  the  2.5  to  3.0pm  region,  the  effect  of  water  absorption  is 
evident. 


Wet  Haze  + Dust 

Figure  4 shows  the  relative  effects  of  replacing  the  "battlefield  smoke" 
with  "battlefield  dust."  The  effect  of  dust  absorption  at  9pm  is  notice- 
able. 


Fog  + Smoke 

The  last  background  to  be  considered  is  fog.  Figure  5 illustrates  the 
effects  of  the  addition  of  four  different  percentages  of  smoke.  The 
transmittance  patterns  are  in  marked  contrast  to  the  previous  combina- 
tions. Note  that  for  the  four  cases  presented,  the  visibility  appears 
to  be  a good  estimator  of  transmittance  out  to  2pm.  For  cases  3 and  4 
the  transmittance  actually  decreases  with  increasing  wavelength  in  the 
range  from  3 to  6um. 


Fog  + Dust 

In  this  case  dust  was  superposed  on  the  background  fog.  Figure  6 reveals 
that  the  effect  of  the  dust  is  much  less  pronounced  than  that  of  the 
smoke.  The  notable  difference  in  transmittance  over  the  4 to  10pm  range 
for  fog,  as  opposed  to  dry  and  wet  haze,  is  attributed  to  differences  in 
size  distribution  and  size  range. 


CONCLUSIONS 

These  results,  based  on  scattering  effects  alone,  show  clearly  that  any 
estimate  of  near  infrared  atmospheric  transmittance  based  on  observations 
in  the  visible  region  (i.e.,  visual  range)  is  subject  to  error  and  is 
probably  quite  wrong.  It  is  noted  that  the  story  is  not  complete  until 
gaseous  absorption  effects  are  included  (e.g.,  water  vapor  and  C02)  and 
that  these  are  likely  to  further  enhance  the  error. 

It  is  also  noted,  however,  that  if  the  composition  of  the  suspended  par- 
ticulates is  known  the  results  presented  here  suggest  that  a more  accurate 
estimate  of  IR  transmittance  might  be  obtained  from  a two-wavelength 
visual  range  observation  since  the  slope  of  the  transmittance  curve  would 
then  be  established.  It  is  emphasized  that  gaseous  absorption  must  be 
included  before  this  is  seriously  considered.  Thus,  in  the  case  of  water 
vapor  for  example,  one  might  anticipate  a set  of  curves  for  varying  water 
vapor  content  - meaning  that  a transmittance  prediction  would  require  as 
inputs  both  absolute  humidity  and  dual  wavelength  visual  range  data. 
Similar  adjustments  might  also  be  required  for  some  other  minor  gaseous 
constituents. 

It  is  clear,  nevertheless,  that  if  prediction  of  IR  transmi ttance  is 
desirable  on  the  battlefield,  more  in-situ  information  than  is  currently 
available  will  certainly  be  required.  In  addition,  the  simpler  the 
method  for  obtaining  this  information  the  more  useful  it  will  be. 
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Figure  4.  Calculations  of  transmittance  over  a 1 km  path  for  various  combinations  of  wet  haze  and  dust  in  the  spectral  range 


Figure  5.  Calculations  of  transmittance  over  a 1 km  path  for  various  combinations  of  fog  and  smoke  in  the  spectral  range  from  0.34  to  10.6yi 


Figure  6.  Calculations  of  transmittance  over  a 1 km  path  for  various  combinations  of  fog  and  dust  in  the  spectral  range  from  0.34  to  10  6 
(visibility  * 5 km) 
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